The Veterans Affairs (VA) Community Care (CC) Program supplements VA care with community-based medical services. However, access gains and value provided by CC have not been well described.
T he US Department of Veterans Affairs (VA) supplements its hospitals and clinics with care purchased from community providers. This initiative, known as the Community Care Program (CC), cost $5.6 billion in 2014, representing 10% of the VA health care budget. 1 The Veterans' Access to Care through Choice, Accountability, and Transparency Act of 2014 expanded this program with a 3-year appropriation of $10 billion, with further expansions proposed. [2] [3] [4] Currently, veterans are eligible to use CC services if the VA cannot provide necessary services due to a lack of available specialists, long wait times, or extraordinary distance from a veteran's home. 5 Elective coronary revascularization procedures, including percutaneous coronary intervention (PCI) and coronary artery bypass graft (CABG) procedures, accounted for $170 million of CC costs in 2014 (Health Economics Resource Center, unpublished data, February 2016).
Understanding the influence of the CC program on access, outcomes, and costs is critical to the future of US veterans' health care. We addressed 4 questions. First, did CC improve veterans' access to elective coronary revascularization procedures by reducing travel distance and cost? Second, was the quality of care at CC hospitals comparable to that at VA hospitals? Third, was the cost of care lower at CC hospitals than at VA hospitals? Fourth, could the value of care be improved by selecting hospitals using publicly available information on factors associated with the quality of care, including annual procedure volumes and publicly reported risk-adjusted mortality?
Methods

Study Cohort
In this veteran cohort study, we evaluated patients younger than 65 years who had an elective coronary revascularization (PCI or CABG) sponsored by the VA between October 1, 2008, and September 30, 2011. Analysis was conducted between July 2014 and July 2017. Patients 65 years or older were excluded because they frequently use Medicare benefits to obtain coronary revascularization. 6 Nonelective coronary revascularizations (ie, those receiving the procedure for either an acute myocardial infarction [AMI] or unstable angina) were also excluded because the urgency of these conditions generally requires treatment at the closest facility. We selected the first qualifying procedure of each patient. When an index stay involved transfer between hospitals, the procedure was attributed to the first hospital. Study procedures, waiver of informed consent, and waiver of Health Insurance Portability and Accountability Act of 1996 authorization were approved by the VA Central Institutional Review Board.
Outcomes
Outcomes of interest were evaluated. These included access to care (as measured by travel distance), 30-day all-cause mortality, 30-day readmission for a cardiac-related diagnosis, and cost. Access was measured as the additional travel distance required by the VA care arrangements: the distance traveled to the hospital that provided the procedure minus the distance to the nearest hospital offering that procedure (either VA or CC). Actual road distance and travel time between patient residence and hospital were calculated using a software program (ArcGIS; Esri). Zip code centroid was used for 3.0% of the cohort members with an incomplete address. There was no residential address for 3.1% of the cohort, and they were excluded from the travel analysis. We estimated all travel costs as if they were fully reimbursed by the VA regardless of current VA reimbursement practices. Travel cost was estimated at 41.5 cents per mile, 7 the time patient and caregiver spent in transit valued at the federal minimum wage, 8 plus lodging cost for those who traveled at least 40 miles. This cost was one night of lodging for patients obtaining outpatient PCI or one night of caregiver lodging for each night of hospital stay, to a maximum of 60 days, at the federal reimbursement rate for the county where the hospital was located.
9
Date of death was determined from the VA Vital Status File. Hospital readmissions were considered cardiac related if they were stays in acute medical-surgical units that were assigned a principal diagnosis for heart disease, a specific procedural complication, cerebrovascular disease, renal failure, embolism or thrombosis of extremities, or other conditions plausibly related to complications or failure of coronary revascularization (eTable in the Supplement).
Health care costs included both hospital and professional components for the index admission and cardiacrelated readmissions within 30 days. Costs at VA hospitals were obtained from the VA Managerial Cost Accounting System, an activity-based costing repository.
10 Activity-based costing combines activity reports, financial data, workload, and intermediate products used in encounters and hospitals stays 11 and is regarded as a more accurate measure of resource use than cost-adjusted charges. 12,13 Costs for CC were the actual amount that the VA paid CC providers. All costs were adjusted to 2011 US dollars using the urban Consumer Price Index for all items.
Patient Data
Procedures, demographics, and medical comorbidities were obtained from CC claims data and from the national repository of VA electronic medical records in the 24 months before the index procedure. Both sources were used for all cohort members regardless of where the index procedure took place. Procedural risk factors prevalent among elective patients were selected from validated models published by national cardiac registries for PCI 15 and CABG surgery. 16 Risk factors included age, sex, race/ethnicity, recent myocardial infarction, prior PCI, prior CABG surgery, cerebrovascular disease, peripheral vascular disease, congestive heart failure, diabetes (both type 1 and type 2), body mass index, renal function, dialysis, chronic obstructive pulmonary disease, atrial fibrillation, and severity of ischemic heart disease as represented by the number of vessels revascularized according to procedure coding. Race was categorized into white, African American, or other based on patient self-report using best practices for VA data.
17 Type 1 diabetes was based on prescription data. Body mass index was calculated as weight in kilograms divided by height in meters squared. Renal function was based on the estimated glomerular filtration rate derived from plasma creatinine. 18 Left ventricular ejection fraction was obtained via natural language processing of VA echocardiogram reports, nuclear cardiac study reports, and other text entries in the electronic medical record. 19 More detailed information from the VA Cardiac Catheterization Registry was consistently available only for patients receiving a procedure at the VA and hence was not used.
Hospital Data
We considered proxy measures of quality that the VA might use for selective contracting, including volume and publicly reported mortality. 
Statistical Analysis
The primary analysis compared travel distance and cost, mortality, readmission, and cost of care for patients undergoing procedures at VA vs CC hospitals. Secondary analyses considered if these outcomes differed in hospitals distinguished by proxy measures of quality, including low annual procedure volumes and high risk-adjusted mortality after AMI.
Estimation was by generalized estimating equations to account for clustering of patients within facilities. 25, 26 Differences in mortality and readmission were estimated with log binomial models and expressed as relative risk (RR), a measure that is more easily interpreted than the odds ratio. 27 Log gamma models were used to accommodate the skewed distribution and heteroscedastic errors of costs.
28,29
Because patients were not randomly assigned to VA or CC hospitals, propensity weighting was used to control for differences in case mix between VA and CC patients. Models were weighted by the inverse of the probability of receiving the treatment that the individual actually received. 30 Unadjusted absolute value of standardized differences between VA and CC exceeded 10% for 3 of 19 covariates for PCI and for 7 of 19 covariates for CABG surgery. After applying inverse probability weights, all standardized differences had an absolute value of less than 10%, a frequently used criterion for adequacy of covariate balancing.
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Results
Study Cohort
Between October 1, 2008, and September 30, 2011, a total of 13 237 elective PCIs were performed in either VA or CC hospitals among veterans meeting study inclusion criteria (eFigure 1 in the Supplement). During the same period, 5818 patients underwent elective CABG procedures and met inclusion criteria (eFigure 2 in the Supplement).
Characteristics of Patients and Hospitals
Veterans Affairs hospitals provided 10 474 (79.1%) of all PCIs in the study ( Table 1 ). The VA and CC patients had a similar case mix, with some exceptions. Compared with CC patients, VA patients undergoing PCI were more likely to have congestive heart failure (21.1% vs 18.8%, P = .01) and more likely to have multivessel procedures. The CC patients were more likely to have renal impairment (estimated glomerular filtration rate <15 mL/min/1.73•m 2 or receiving dialysis in 4.5% vs 2.1%, P < .001) and an ejection fraction less than 30% (7.5% vs 5.7%, P = .005).
The VA patients were much more likely to receive PCI from a hospital that did not meet the recommended volume threshold of 200 cases annually (41.7% for VA vs 3.7% for CC, P < .001) ( Table 1 ). In contrast, fewer VA patients received PCI in a hospital that had high risk-adjusted AMI mortality according to Hospital Compare (9.9% for VA vs 14.0% for CC, P < .001). The VA hospitals provided 4866 (83.6%) of all CABG procedures in the study cohort. Compared with CC patients, VA patients undergoing CABG surgery were more likely to have atrial fibrillation (13.0% vs 8.1%, P < .001) ( Table 1 ). The CC patients were more likely to have undergone prior PCI (14.0% vs 9.1%, P < .001), type 1 diabetes (16.8% vs 14.0%, P = .02), 3-vessel and 4-vessel procedures, or an ejection fraction less than 30% (10.8% vs 6.1%, P < .001).
The VA patients were more likely to receive CABG surgery at a hospital that did not meet the recommended volume threshold of 125 cases annually (64.4% for VA vs 27.4% for CC, P < .001) ( Table 1 ). There was no difference between VA and CC in the proportion of patients who received CABG surgery in a hospital with high risk-adjusted AMI mortality (10.0% for VA vs 10.1% for CC, P = .91).
Access
Relative to the nearest hospital offering PCI, the adjusted mean extra travel distance was 18.6 miles for CC patients and 72.2 miles for VA patients (P < .001) ( Table 2 ). The mean adjusted cost of this additional travel, including the value of patient and caregiver time and lodging expense, was $34 for CC patients and $187 for VA patients (P < .001). Patients who used CC for PCI traveled a net distance that was, on average, 53.6 miles less and incurred a mean of $153 less in travel expense.
Relative to the nearest hospital offering CABG surgery, the adjusted mean extra travel distance was 27.7 miles for CC patients and 101.0 miles for VA patients (P < .001) ( Table 2 ). The cost of this additional travel was $57 for CC patients and $747 for VA patients (P < .001). Patients who used CC for CABG surgery traveled a net distance that was an average of 73.3 miles less and incurred an average of $690 less in travel expense.
Mortality and Readmissions
Unadjusted 30-day mortality after PCI was 1.63% in CC hospitals and 0.63% in VA hospitals (45 deaths for CC vs 66 deaths for VA, P < .001). After propensity adjustment, 30-day mortality was higher for patients treated in CC hospitals compared with VA hospitals (1.54% vs 0.65%; RR, 2.40; 95% CI, 1.57-3.66) (Figure 1) .
Unadjusted 30-day mortality after CABG surgery was 1.26% in patients treated in CC hospitals and 1.50% in patients treated in VA hospitals (12 deaths for CC vs 77 deaths for VA, P = .57). After propensity adjustment, 30-day mortality was similar for patients treated in CC hospitals compared with VA hospitals (1.33% vs 1.51%; RR, 0.89; 95% CI, 0.45-1.77) (Figure 1) .
Unadjusted 30-day readmission rate after PCI was 7.14% for CC and 7.78% for VA (215 readmissions for CC and 748 readmissions for VA). Propensity-adjusted RR was 0.96 (95% CI, 0.79-1.16; P = .66) (Figure 1 ). Unadjusted readmission rate after CABG surgery was 8.25% for CC and 7.12% for VA (79 read- missions for CC and 346 readmissions for VA). Propensityadjusted RR was 1.16 (95% CI, 0.89-1.50; P = .28).
Cost
The mean adjusted cost of the index PCI procedure was $22 025 in CC hospitals and $15 683 in VA hospitals (P < .001) ( Table 3) . Total costs for patients undergoing PCI (the sum of the index procedure, readmission, and travel cost) were also significantly higher in CC hospitals ($23 059 vs $16 771, P < .001). The mean adjusted cost of the index CABG procedures was $55 526 in CC hospitals and $63 144 in VA hospitals (P < .01). Total costs were also significantly lower in CC hospitals ($56 749 vs $65 264, P < .01).
Selection of Hospitals Using Proxy Measures
For either procedure, low-volume hospitals had similar mortality and readmission rates compared with hospitals that met the recommended volume standards (Figure 2) . The cost of the index PCI procedure was significantly less at low-volume hospitals compared with standard-volume hospitals ($16 006 vs $19 697, P < .001) ( Table 3) . Low-volume hospitals were more likely to be operated by the VA and to provide a single-vessel procedure, which were factors associated with lower cost. Although travel cost was greater at low-volume hospitals, total costs of PCI were also significantly less at low-volume facilities. There were no significant differences in CABG cost. Hospitals that reported high AMI mortality to Hospital Compare were compared with hospitals that reported standard mortality. For both procedures, mortality and readmission rates did not differ between these groups of hospitals. The cost of readmission after PCI was less at hospitals with high AMI mortality than at hospitals with standard AMI mortality ($682 vs $987, P = .03) ( Table 3 ). There were no significant differences in CABG cost.
Selecting hospitals using proxy measures did not improve outcomes or reduce cost. Because there was no advantage to this strategy, we did not quantify how it would have increased the burden of patient travel. The adjusted risk of 30-day mortality for elective percutaneous coronary intervention (PCI) was significantly elevated for CC hospitals compared with VA hospitals. There were no differences in adjusted 30-day mortality risk after elective coronary artery bypass graft (CABG) surgery or in risk of 30-day readmission. Covariates used for propensity adjustment included age, sex, race/ethnicity, recent myocardial infarction, prior PCI, prior CABG surgery, cerebrovascular disease, peripheral vascular disease, congestive heart failure, type 1 and type 2 diabetes, body mass index, renal function, dialysis, chronic obstructive pulmonary disease, atrial fibrillation, and the number of vessels revascularized. RR indicates relative risk.
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Additional analyses tested if outcomes differed by the interaction between proxy measure and the type of hospital (VA or CC). The interaction was significant for CABG mortality for low-volume hospitals. Low-volume CC hospitals had significantly lower mortality after CABG surgery relative to standardvolume CC hospitals (RR, 0.15; 95% CI, 0.05-0.35), lowvolume VA hospitals (RR, 0.15; 95% CI, 0.06-0.30), and standard-volume VA hospitals (RR, 0.21; 95% CI, 0.09-0.41). The only other interaction that was significant was the cost of the index PCI care for low-volume hospitals. The mean adjusted cost of the index PCI was $22 257 at standard-volume CC hospitals, $15 702 at low-volume CC hospitals, $16 031 at low-volume VA hospitals, and $15 431 at standard-volume VA hospitals (contrasts between CC high-volume hospitals and each of the others were significant at P < .001).
Discussion
We studied elective procedures sponsored by the VA between 2008 and 2011 in patients younger than 65 years and found that 20.9% of PCIs and 16.4% of CABG procedures were performed at CC sites. The CC program was associated with significantly lower travel costs, with an average of $153 less travel cost for PCI and $690 less travel cost for CABG surgery. The value of this reduced travel must be balanced against differences in the quality of services and their cost. Herein, our findings were mixed. For PCI, VA hospitals had lower mortality (0.65% vs 1.54% for CC), similar readmission rates, and lower costs ($15 683 vs $22 025 for CC). For CABG surgery, VA hospitals had similar mortality, similar readmission rates, and higher cost ($63 144 vs $55 526 for CC).
The higher mortality of CC-provided PCIs was not necessarily due to lower quality of care at CC hospitals. Other possible factors include delay in making care arrangements, incomplete coordination of care between VA and CC hospitals, or failure to refill medications prescribed by CC clinicians. These are obvious areas for future research and quality improvement efforts. New VA data on scheduling of care, including a database of CC approvals, will help the VA detect problems associated with treatment delay.
We found that publicly available data on hospital volume and Medicare mortality did not reliably identify centers where veterans had better outcomes. The VA currently requires CC providers to have an active license and a lack of sanctions but does not set minimum quality thresholds or choose hospitals based on cost. 32 Better information on the characteristics of CC patients and the hospitals that care for them could improve VA decision making. For this reason, we recommend that the VA seek information needed to assess the quality of care, including performance measures based on submission to the national registries of PCI and CABG surgery. This process could allow the VA to selectively contract with hospitals that meet standards of both quality and transparency. Our findings also demonstrate that, on average, veterans seeking high-quality care, with low mortality and readmission rates, are well served by the VA. This outcome confirms the findings of prior studies finding that the quality of VA care is generally similar to that of non-VA hospitals, 6,33-41 with some exceptions, particularly from older studies. 38,42,43 Although many VA sites operate with annual procedure volumes that are less than the recommended minimum, VA mortality rates were low. This finding may be due to the influence of national VA programs to monitor outcomes and improve the quality of VA 
Limitations
This study has several limitations. Mortality in our sample was a sufficiently rare event that the power to detect differences in the quality of care of VA and CC may have been limited. We only examined patients younger than 65 years, and our findings may not generalize to an older population. Our data only include procedures between 2008 and 2011, and patterns may have changed over time. We did not study the influence of waiting time on outcomes because we did not have information on when procedures were first recommended. We attempted to address this issue by limiting the study to elective procedures, which are not as time sensitive as emergent procedures. While VA and CC patients were similar in terms of coded comorbidities, it is possible that there was undetected referral bias such that patients referred to CC hospitals had elevated risk beyond that represented by the available covariates. Our comparison was limited by the lack of information on CC patients. We had information on the VA registry of patients undergoing PCI, but data for CC patients were not available because of the restrictions governing the national registry of patients undergoing PCI.
Finally, we did not have the clinical detail needed to ascertain if procedures were appropriate. Such an evaluation will be needed for a complete assessment of the value of CC.
Conclusions
In summary, our study found that almost 1 in 5 elective coronary revascularizations for VA patients was performed at CC sites. The VA hospitals had lower mortality and lower costs than CC hospitals for PCI and had similar mortality but higher costs for CABG surgery. To ensure that veterans receive care that is timely, accessible, and of the highest quality, policymakers should consider providing information to help veterans seek care from the highest-value hospitals and health care professionals regardless of whether the hospitals are VA or CC. 
